A 48-year-old Japanese male was admitted to our hospital due to hyperosmolar hyperglycemic state (HHS), combined with rhabdomyolysis and acute kidney injury. His blood sugar levels were gradually decreased by fluid resuscitation and insulin infusion; however, his renal function worsened, and he developed bloody stools. He required continuous hemodiafiltration to improve his hemodynamics. As colonoscopy revealed longitudinal ulcers, ischemic colitis was diagnosed. We treated him conservatively at first, but when we found the ulceration of the sigmoid colon had penetrated the mesenterium, colectomy was indicated. After surgery, his general condition improved. Careful monitoring of complications related to HHS is important.
Introduction
Hyperosmolar hyperglycemic state (HHS) is the most serious acute complication of type 2 diabetes mellitus. Emergency treatment for HHS focuses on prompt diagnosis and the restoration of hemodynamic stability with appropriate fluid therapy while maintaining electrolyte homeostasis. The loss of more water than sodium leads to hyperosmolarity (1) . Hyperosmolar hyperglycemic state sometimes induces temporal acute kidney injury due to dehydration, rhabdomyolysis, and vascular occlusion. The mortality rate of HHS ranges from 10% to 50% (2) due to the high incidence of coexisting disease. Age (>65 years), degree of hyperosmolarity (>375 mOsmol/L) (3), hemodynamic instability (4), a low Glasgow coma scale score on admission, and precipitation by infection (5) are powerful predictors of a fatal outcome. We report a rare case of HHS complicated with rhabdomyolysis, acute kidney injury, and ischemic colitis. He was successfully treated, despite the fact that he had severe coexisting diseases. Along with the recognition of this rare association, the importance of monitoring HHS patients for complications is emphasized.
Case Report
A 48-year-old Japanese man was admitted to our hospital because of drowsiness. He had been in an impaired glucose tolerance state for the previous three years. Over the previous two weeks, he had suffered from general fatigue, anorexia, insomnia, and episodes of soft drink polyposia associated with polyuria. On admission, his blood pressure was 124/84 mmHg, his pulse was 88 beats/minute, his respiratory rate was 40/minute, and his body temperature was 36.5 . He was 158 cm tall and weighed 72 kg. An oropharyngeal examination found that his oral mucosa was extremely dry. A chest and abdominal examination revealed no abnormalities. Blood tests revealed severe hyperglycemia, electrolyte abnormalities, renal dysfunction, an elevated creatinine kinase level, and leukocytosis. His calculated plasma osmolality was 413 mOsmol/kg. An initial blood gas examination revealed metabolic acidosis. A test for urinary ke- tones was negative (Table 1) . On admission, HHS, rhabdomyolysis, and acute kidney injury were diagnosed. After fluid resuscitation (0.9% NaCl) and insulin infusion, his blood sugar levels gradually decreased. On the 2nd day of hospitalization, his hemoglobin level decreased from 19.2 to 15.1 g/dL, his osmolality level decreased from 413 to 354 mOsmol/kg, and his consciousness became clear, but his renal function worsened (Fig. 1) . His creatinine kinase concentration continued to rise, peaking at 59,232 IU/L on the 3rd day of hospitalization, without complaining of any muscle pain or showing any signs of muscle cramping. On the 4th day of hospitalization, he started complaining of pain in the lower abdomen and suffering from diarrhea without a fever. On the 8th day of hospitalization, he complained of acute pain in the lower abdomen and developed bloody stools. His hemoglobin level decreased from 15.6 to 10.6 g/ dL. Abdominal distension was recognized, but hardening, abdominal tenderness, rebound tenderness, and muscular defense were not. His bowel sounds were hypoactive. His blood pressure was 90/60 mmHg, his pulse was 120 beats/ minute, respiratory rate, 29/minute, his body temperature was 38.2 , and his oxygen saturation was 98% after nasal supplementation with 3 L of oxygen. His laboratory data showed anemia (hemoglobin: 10.1 g/dL), inflammatory signs (white blood cell count: 31,200/μL; C-reactive protein: 3.51 mg/dL), and severe renal impairment (creatinine: 12.3 mg/dL). He fulfilled the criteria for systemic inflammatory response syndrome (SIRS). Bacteroides species were detected in blood cultures, but not in urine or feces samples. He was started on intravenous ceftriaxone and clindamycin. Continuous hemodiafiltration (CHDF) was started on the same day. Abdominal computed tomography revealed a swollen wall in part of the sigmoid colon and a small amount of free fluid. No obvious thrombosis was detected in the vasculature. During colonoscopy, submucosal hemorrhage, ischemic changes, and ulceration were detected in the sigmoid colon, 30-45 cm from the anal verge. As there was no evidence of peritonitis, we decided to treat the ischemic lesions conservatively. On the 29th day of hospitalization, colonoscopy showed stricture of the sigmoid colon and fistula, which led to cavity containing abscesses at 45 cm from the anal verge. Enteroclysis showed a cavity that was not connected to intraperitoneal space (Fig. 2) . No peritoneal signs were evident; however, his C-reactive protein level and white blood cell count (20,200-32,100/μL) were persistently elevated; thus, a laparotomy was carried out on the 30th day of hospitalization. During the laparotomy, a cavity was found in the mesenterium. Neither anatomical abnormalities in the mesentery vasculature course nor blocked arteries were seen. The region of the sigmoid colon containing the ischemic lesions was removed and a descending colostomy was made. Histopathologic examination of the ulcer showed circumferential deep ulcers, which were thought to have been formed by an ischemic mechanism, located 1 cm and 21 cm from the sigmoid-descending colon (S-D) junction on the anal side. The distal ulcer had caused penetration of the sigmoid colon into the mesenterium. No evidence which suggested ulcerative colitis or Crohn's disease was detected (Fig. 3) . After the operation, we applied polymyxin Bimmobilized fiber column direct-hemoperfusion once daily for two successive days, which improved the patient's hemodynamic stability. His general condition improved along with decreases in the levels of blood inflammatory response markers. Postoperative colonoscopy showed a normal mucosa. On the 37th day of hospitalization, hemodialysis was stopped since his renal function began to improve and his urine volume started to increase. After his renal function and urinalysis were normalized, we started to administer metformin hydrochloride to control his blood glucose level, because we thought he was in an obesity-induced insulinresistant state. After administration, we checked acid-base balance several times, although lactic acidosis was not detected. He was discharged on the 54th day of hospitalization.
Discussion
As in the present patient, undiagnosed diabetes is sometimes associated with HHS because of a failure to recognize the early symptoms of the disease. Vigorous correction of dehydration was performed in this patient, but various complications occurred. Pinies et al reported 132 cases of HHS (4). According to their report, the mortality rate was 16.9%, and the incidence rates of complications associated with HHS were as follows: septic shock, 5.4%; cardiac failure, 2.3%; digestive bleeding, 1.5%; stroke, 1.5%; pulmonary embolism, 0.77%; and hypoglycemia due to insulin therapy, 0.77%.
The patient suffered from renal failure, which might have been induced by dehydration and rhabdomyolysis and was exacerbated by circulatory failure resulting from SIRS (Fig. 4) . A few cases of HHS associated with rhabdomyolysis and acute kidney injury have been reported (6) , but their frequency is unclear. In a study by Singhal et al, the incidence of acute renal failure in diabetic emergencies (diabetic ketoacidosis and hyperosmolar non-ketotic diabetic coma) was 25% (7). As dehydration is more severe in HHS than in diabetic ketoacidosis, the incidence of acute renal failure in HHS may be higher. HHS is reported to be a rare cause of rhabdmyolysis. The electrogenic sodium pump is inhibited by hyperosmolar states, acidosis, hypernatremia, and potassium deficiency, as well as by decreases in intramuscular energy supply due to insulin deficiency. This results in a fall in the transmembrane potential, thereby contributing to the development of rhabdomyolysis (8) . Hyperosmolar states may also elevate the intracellular calcium level. A persistently high intracellular calcium level may bring about the activation of neutral proteases and subsequent leakage of muscle enzymes (7). Singhal et al reported that serum osmolality levels and blood glucose are the major determinants of the occurrence of rhabdomyolysis in the diabetic state (7). The mean serum sodium, serum osmolality, and blood glucose levels were higher in HHS patients with rhabdomyolysis and acute kidney injury than in those without: mean serum sodium, 148.8 vs. 135.0 mEq/L; serum osmolality, 350.3 vs. 304.9 mOsmol/kg; and blood glucose, 640.8 vs. 436 mg/dL; respectively. The osmolality of the patient, 413 mOsmol/kg, was relatively high. The incidence of acute kidney injury in rhabdomyolysis is reported to be between 10.5% (9) and 33% (10) . The mechanism of the acute kidney injury caused by rhabdomyolysis is not clear; however, renal ischemia, direct toxicity, and renal tubular occlusion due to myoglobin have been suggested to be involved.
Hypoperfusion states and mechanical colonic obstruction can result in ischemic colitis. Most of the cases occur in patients over 50 years of age, and the usual predisposing factors are arteriosclerosis, diabetes, and vascular surgery. Among younger patients, it associates with collagen-vascular diseases (11) . As for risk factors for arteriosclerosis, the present patient had diabetes mellitus and was a smoker, although radiography did not indicate arteriosclerotic changes.
No findings suggestive of collagen diseases such as antinuclear antibody or rheumatoid factor were detected. We considered that his ischemic colitis might have been caused by severe dehydration due to HHS. In ischemic colitis, stenosis and longitudinal ulcers are common in the antimesenteric and intramural side of the sigmoid colon and the intramural side of the descending colon. The patient demonstrated penetration into the mesenterium because his deep ulcer was located on the mesenteric side of the sigmoid colon. The cause of this deep ulcer is unclear. We ruled out ulcerative colitis, Crohn's disease, and amebic colitis by using endoscopic and pathological findings. In addition, he was not taking any NSAID. Radiography did not reveal any large thromboses in the mesenteric artery or vein, but histopathologic examination of the ulcer showed small thromboses in a small vein, which may have induced inflammation and necrosis causing deep ulceration. Mechanical stretching might also have occurred. He complained of pain in his lower abdomen, but did not show any peritoneal signs. It should be noticed that an abdominal examination would have failed to detect the penetration into the mesenterium because of the lack of peritoneal signs. Patients with ischemic colitis are usually treated conservatively; however, surgical intervention is indicated if there is evidence of peritonitis, transmural infarction, stenosis, or perforation. In the present patient, as a cavity was detected in the mesenterium, surgery was performed. As ischemic colitis is often complicated by sepsis secondary to the translocation of bacteria across the bowel wall, we considered that sepsis due to ischemic colitis was the main cause of SIRS in the case. He required intervention to improve his hemodynamics, and CHDF was considered a suitable therapeutic strategy for managing the combined complications of acute kidney injury and circulatory failure resulting from SIRS. In conclusion, our experience suggests that careful monitoring of HHS patients for complications such as vascular occlusion and rhabdomyolysis is important.
